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lntroduction 

In earlier publications it was suggested'that the Formation of insolubles during storage 
of an unstsble UK middle distillate fuel was ceuqed at least in part by reactions of the 
chemical species indoles, phenalenes and acids ' . The purpose of this present study 
was to determine whether reactions involving these species contributed to the storage 
instability of middle distillste fuels from quite different source8 and to investigate the 
extent of correlation between fuel chemical composition and observed fuel storage 
stsbility. 

The reaction sequence previously proposed is illustrated schematically in figure 1. The 
oxidation of phenslene and its alkyl homologuqs to the corresponding phenalenone species 
has k e n  shown to ?cur bot 
containing light cycle oil).' The formation of indolylphenslenes, indolylphenalenones 
and 'indolylphenalene/acid salts' by SCia promoted reactions of indoles and phenslenones 
has also been demonstrated by the isolation 05 i h p e  species both from node1 systems and 
from unstsble'fuel containing light cycle oil ' ' . The role of scid in these 
reactions is not clearly understood. However it is k n o w  that at least catalytic amounts 
of scid are required for indoles to react with phenslenones4 and there is some 
evidence to suggest that acids becoy incorporated into the most polsr components of  
insoluble fuel degradation products . 
The signficance o f  this chemistry with respect to the stability of middle distillste fuels 
produced in Australian refineries has been investigated. 
phenslenone snd alkylindoles were determined before snd after storage of fuel 'samples for 
15 weeks at 43C. 
chromatogrsphy and compared with insolubles formed by degradation of fuels from UK 
sources. 

In node1 systems and in middle distillate fuels 

The concentrations of 

Insoluble fuel degradation products were analyaed by thin layer 

Experimental 

Fuel samples were supplied directly from Australian oil refineries and generally consisted 
of one of five refinery stream types; straight run distillate (SAD), light cycle oil 
(LCO), hydrotreated light cycle oil (HT-LCO), hydrotreatment unit feed (LCO/SRO) or 
hydrotreatment unit product (HT-LCO/SAO). 
produce 12 blends containing 70% straight run distillate and 30% cracked cotrpnents. 
blend. compositions are listed in table 1. 
components were stored at -12C to minimiee degradation before teating and analysis. 

The stsbility of the blends WBS asse&d by storage of 1 litre sliquots of fuel at 43C for 
13 weeks, following the method detailed in ASTM 04625. 
duplicate. 
AP40). 
washings contained in disposable aluminim dishes. 
formed during the storage tests was sssessed using thin layer chromatography (silica gel 
stationery phase, 10% methanol in dichloromethane mobile phase). 
phenalenone was determined using normal phase HPLC with UV detection at 384nm . The 

The samples frm each refinery were combined to 

Aliquots .of both blended and unblended 
The 

Tests were carried out in 
Filterable insolubles were determined using glass fibre filters (Millipore 

Adherent insolubles were determined by hotplate evaporation of gum solvent 
T h e  chemical nature of insolubles 

The conccnt ation of f 
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de t ec t ion  l i m i t  f o r  phenslenone was 0.5mol/l  with r epea tab i l i t y  Of +/- 10%. 
concentrat ions end d i s t r i b u t i o n s  of  a lky l indo le s  were determined by a procedure h i c h  
involved f r s c t i o n a t i m  of fue l  samples over a i l i c a  ge l ,  followed by add i t ion  of  an 
in t e rna l  s tandard (1-methylindole) and f i n a l l y  GC a n a l y s i s  with ni t rogen s p e c i f i c  
detect ion.  

CC peaks c r esponding t o  a lky l indo le s  were iden t i f i ed  by reference t o  the  published 
literatur!”. The r e l a t i v e  concentrat ion of  a lky l indo le s  i n  t h e  fue l  blends was 
calculated by assuming an equal de t ec to r  response fo r  a l l  isomers and homologues. 
method c sn  a l s o  be used t o  determine t h e  d i s t r i b u t i o n  and concentrat ion of carbazole  and 
its a lky l  homologues; 

Resul ts  and Discussion 

The s t a b i l i t y  of  t he  12  fue l  blends was assessed by a to r sge  a t  43C f o r  13 weeks. 
test is widely bel ieved t o  provide a r e a l i s t i c  acce le r s t ion  of degradaibm processes  which 
occur a t  temperatures typ ica l ly  encountered i n  fue l  s to rage  f a c i l i t i e s  . The 
r e l s t iwe ly  mild test cond i t ions  are considered to  be approximately equ iva len t  t o  one year 
of fuel  s to rage  a t  1EC t o  24C. The r e s u l t s  of t h i s  test are given i n  t ab le  1. 
f i l t e r a b l e  and adherent i n so lub le s ,  produced during the  s to rage  per iod by a l l  but t h e  most 
s t a b l e  f u e l s  (samples 8,10,12,14), Nere analysed by th in  layer  chromatography and compared 
with in so lub le s  produced during s to rage  of unstable  UK fue l .  
cha rac t e r i s a t ion  of t h e  UK i n so lub le s  has  been described previously 
chromatographic c h a r a c t e r i s t i c s  o f  t h e  UK snd Austral ian in so lub le s  (both f i l t e r s b l e  and 
adherent)  were found t o  be very s imi l a r .  Subt le  d i f f e rences  were noted amongst t he  m a t  
polar  sediment components, but  the degree of  va r i a t ion  was within t h a t  previously observed 
f o r  i n so lub le s  from d i f f e r e n t  UK sources .  Whilst not conclusive in  i t s e l f ,  t h e  s imi l a r  
Charac t e r i s t i c s  o f  these fue l  degradation products provided a p o s i t i v e  i n d i c a t i m  t h s t  
they may have been formed by c o m n  chemical processes. 

T h e  e f f e c t  of  chemical camposition on observed fue l  s t a b i l i t y  w s s  addressed s p e c i f i c a l l y  
i n  terms of t h e  concentrat ion of spec ie s  highl ighted i n  f igu re  1. 
reac t ion  scheme, unstable  f u e l s  would be expected t o  i n i t i a l l y  con ta in  both phenalenes and 
indoles ,  n i t h  t h e  concentrat ion of phenalenones, indolylphenalenes and f u r t h e r  react ion 
products  ( including in so lub le s )  increasing with time. 
promote these r eac t ions  may be present  i n i t i a l l y  or may be produced during f u e l  s torsge.  
S t ab le  fue l s  would be chs rac t e r i s ed  by the  absenca of o m  or more of these chemical 
species .  

In order  t o  test t h i s  l i n e  of  reasoning, s p e c i f i c  chemical ana lys i s  was c a r r i e d  out on t h e  
fue l  blends be fo re  and a f t e r  thermal s t r e s s .  
reduct ion i n  concentrat ion of phenalenes could have been determined i n  on 
e i t h e r  d i r e c t l y ,  using reversed phase HPLC with electrochemical  de t ec t ion  , o r  
i n d i r e c t l y  by determinat ion of increasing phenalenone concentrat ion using normal phase 
HPLC n i t h  UV de tec t ion .  For s impl i c i ty  of ana lys i s ,  t h e  l a t t e r  approach was adopted i n  
t h i s  s tudy,  with measurements being c a r r i e d  ou t  before  s torage,  a f t e r  s to rage  for  16  hours 
a t  lDOC ( to  provide m i n i t i a l  i nd ica t ion  of  phenalene/phenalenone con ten t )  and a f t e r  
s to r sge  for 13  weeks a t  43C. 
concentrat ion of  the s i n g l e  spec ie s  phenalenone. 
spec ie s  (a lkyl-  and benz- der iva t ives )  i n  the  f u e l s  samples would of  course have been 
higher. 
cons i s t en t ly  lower than t h e  i n i t i a l  concentrat ion of phenslene. 
t h a t  phenalene is m t  quan t i t a t ive ly  converted t o  phenslenone’. 
concentrat ion of a lky l indo le s  was determined i n  a l imi t ed  number of  t he  fue l  samples 
before and a f t e r  the 13  week s to rage  test. 

The r e l a t i v a  

This 

This 

The 

The irp!$im and . The 

According t o  t h i s  

The ac id i c  spec ie s  required t o  

The i n i t i a l  presence and subsequent 
of two ways; 7 

The r-esul ts  quoted i n  t a b l e  2 r e l a t e  only t o  t h e  
The t o t a l  concentrat ion of phenalenone. 

In add i t ion  it  should be m t e d  t h a t  t he  measured concentrat ion of phenalenone was 
Previous work has shown 
The t o t a l  

The r e s u l t s  of t hese  masurementa a re  given i n  

1101 



table 3. 
not determined i n  t h i s  study. 

Ihe r e s u l t s  of the storage tests, given i n  tab le 1, showed that  the fuels tested covered a 
wide range o f  s t a b i l i t y .  

Four fuels (samples 8,10,12,14) proved t o  be extremely stable, a l l  producing less than 
lmg/l o f  t o t a l  inso lub les and not darkening i n  colour beyond 1.5 ASTH 01500 colour un i ts .  
None of these fue ls  formed s i g n i f i c a n t  quant i t ies  of phenalenone during storage. 
ind icat ing the v i r t u a l  i f  not complete absence of phenalens species. 
o f  a lky l indoles i n  two o f  these samples were determined. 
alkyl indoles a t  a concentrat ion equivalent t o  O.19mmols of I-methylindole, and no 
s i g n i f i c a n t  reduction i n  concentrat ion was observed during the storage period. The 
concentrat im o f  a lky l indoles i n  sample 10 was an order of magnitude lower than i n  semple 
8, essent ia l ly  a t  the detect ion l i m i t  o f  the method. 
concentration was detected during the storage period. 
therefore e n t i r e l y  consistent w i t h  the react ion scheme i l l u s t r a t e d  i n  f igure 1, ie. stable 
fuels characteriaed by the absence o f  one or more o f  the key react ive species, phenalenes 
i n  the case o f  sample 8 and both phenalenes and indoles i n  the case o f  sample 10. 

The four very s tab le f u e l s  (8,10,12,14) a l l  contained hydrotreated l i g h t  cycle o i l  
blending components. 
knonn. This improvement i n  s t a b i l i t y  on hydrotreatment was c lea r l y  shorn by the storage 
test  resul ts  f o r  the matched f u e l  p a i r s  7/8, 9/10, 11/12 and 13/14, where i n  each case the 
f i r s t  sample contained l i g h t  cycle o i l  and the second sample contained hydrotreated l i g h t  
cycle o i l .  l h e  effect of hydrotreatment on the chemical composition of the fue l  samples 
ma8 also conaistent w i th  the observed improvement i n  s t a b i l i t y .  A l l  the l i g h t  cycle o i l  
samples produced phenalenone during thermal stress, ind icat ing the i n i t i a l  presence of 
phenalens species. 
the s tab le 'phenalene f ree '  fue ls  discussed previously. The e f f e c t  o f  hydrotreatment on 
the i n i t i a l  a l ky l i ndo le  concentrat ion was found t o  be variable. 
samples a l l  contained alkyl indoles. 
concentration af ter  hydrotreatment for sample p a i r  7/8, but a 25 fo ld  reduction was noted 
f o r  sample p a i r  9/10, i nd i ca t i ng  the use of w c h  more severe hydrotreatment conditions. 

The remaining fuel which contained hydrotreated l i g h t  cyc le  o i l  was sample 16. Despite 
the hydrotreatment, t h i s  fuel was found t o  be mderate ly  unstable, producing about 8mg/l 
t o t a l  insolubles and darkening S i g n i f i c a n t l y  i n  colour during the storage period. I t  
produced low b u t  s ign i f i can t  l e v e l s  o f  phenalenone during storage, thus i n d i c a t i n g  the 
i n i t i a l  presence of phenalene species. 
determined. However i t  i s  reasonable t o  asssume that  a lky l indoles were present, since 
high l e v e l s  of a lky l indoles were detected i n  fuel containing l i g h t  cycle o i l  from the same 
ref inery (sample 15) and i t  i s  u n l i k e l y  that hydrotreatment condit ions which l e f t  low 
leve ls  of phenalene species would s ign i f i can t l y  reduce the concentrat ion of alkyl indoles. 
I n  addit ion, the inso lub les produced during degradation of both samples 15 and 16 were 
c l e a r l y  shorn by TLC t o  be of the same type as those produced by fuels thought t o  fol low 
the chemistry out l ined i n  f igure 1, which of course requires the presence o f  alkyindoles. 

Other fuels which were found t o  be o f  s i m i l a r  s t a b i l i t y  t o  sample 16, producing 5 t o  
12ng/l t o t a l  insolubles, were samples 6 ,  7 and 13. 
o i l  and i n i t i a l l y  contained a lky l indoles a n d  phenalene species. The i n i t i a l  concentration 
of a lky l indoles i n  sample 13 could not  be measured because the fue l  contained a high leve l  
of 'un ident i f ied '  n i t rogen compounds which co-eluted and e f fec t i ve l y  masked the presence 
of a lky l indoles.  This was the onlj'sample examined which contained these compounds. 
Further wol* i s  r e q u i r e d i n  order t o  i d e n t i f y  these species and invest igate t h e i r  

The remaining key species h igh l ighted i n  the reaction scheme, namely acids, were 

The concentrations 
Sample 8 i n i t i a l l y  contained 

Again no s i g n i f i c a n t  change i n  
The behaviour o f  these fuels was 

The b e n e f i c i a l  e f f e c t  o f  hydrotreatment on f u e l  s t a b i l i t y  i s  w e l l  

However these species were removed during hydrotreatment t o  produce 

The l i g h t  cyc le  o i l  
There was no s i g n i f i c a n t  reduct ion i n  the i n i t i a l  

The a lky l indole content o f  t h i s  f u e l  was not 

A l l  these fue ls  contained l i g h t  cycle 
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significance. The i n i t i a l  presence o f  phenalene species i n  sampks 6, 7, 13 and 16 was 
indicated by formation o f  s ign i f i can t  amounts of phenslenone (more than Spmol/l) a f te r  
s t r e i s  o f  the fuels at  lOOC for  16 hours w i th  the measured leve l  increasing further dur ing 
the 13 week storage period. 
storsge teat ranged from 10pmol/l for semple 16 t o  230pmol/l for sample 6. This 
var iat ion,  which presumably a lso re f l ec ted  differences i n  i n i t i a l  phenalenes 
Concentration, c lea r l y  demonstrated that the degree of fuel i n s t a b i l i t y  cannot necessarily 
be extrapolated simply from the l e v e l  o f  phenalene species. Indeed i t  i s  a lso worthwhile 
not ing that the quantity of phenalene species m d  s l ky l i ndo le  species estimated t o  be 
present i n  fuel insolubles wds always small i n  camparison t o  mounts po ten t i a l l y  avai lab le 
i n  fuel so lu t ion.  
the end o f  the storage period i t  s t i l l  contained about 9 5 k / 1  a lky l indoles and 35nq/1 
phenalenone ( t o t a l  phenalenones concentretion would be several times t h i s  l eve l ) .  
observation tended t o  support previous concluspns that, given t h e  presence of indoles and 
phenalenes, tg amount of insolubles formed during storage i s  l i m i t e d  by ac id  
concentration . 
The fuels which proved t o  be the most unstable during the the 13 week storage period were 
samples 5, 9, 11 (each producing about 18mg/l t o t a l  insolubles) and sample 1 5  (producing 
about 56m9/1 t o t a l  insolubles). 
of comparatively high l eve l s  of phenalene species end alkyl indoles,  consistent w i th  t h e i r  
observed i n s t a b i l i t y .  Examination o f  the i nd i v idua l  SRD and LCO components used i n  
blending of samples 5, 9 and 15 showed as expected thet phenalene species and a lky l indoles 
or ig inated e n t i r e l y  from the LCO components. 

S ign i f icant  reductions, >O.O5mol/l, i n  the  overal l  concentration o f  alkyindoles were 

noted for the unstable fue l  samples 5, 6, 7, 9 and 15 (concentration changes for the other 
tm, unstable fuels, samples 11 and 13 were not determined). thus prov id ing s t rong evidence 
for resct ion o f  a lky l indoles during fuel  storage. lhese changes represented reductions o f  
between ebout 20Z and 60% of t h e - t o t a l  i n i t i a l  a lky l indoles concentration. 
proportionate decrease was noted for the nost unstable fuel, sample 15, and the smallest 
decrease for the most s tab le o f  these fuels, sample 7. 
chromatograms showing the d i s t r i b u t i o n  o f  indoles i n  these aged fue l  samples revealed thet 
i n  a l l  cases the Concentration o f  ce r ta in  i s o m r s  and homologues had decreased more than 
others. F igure 2 shows the chromatographic d i s t r i b u t i o n  o f  alkykindoles i n  sample 15 
before and a f te r  agin 
Dorbon and Bernascont-have a l s o  recent ly  M t e d  tha t  the d i s t r i bu t i on  of a lky l indoles 
i n  l i g h t  cycle o i l s  changes during aging at  43C. I n  e l l  cases t h e  decrease i n  
a lky l indoles concentration during aging was greater then the quant i ty  of .these species 
estimated t o  have been incorporated i n t o  the insolubles co l lected e t  the end of the 
storage period. 
emount estimated to  be contained i n  the insolubles. 
w i th  i n v o l a t i l e  but soluble fue l  degradation products, such as fo r  example thp ;sediment 
precursor' compounds, indolylphenalenes, referred t o  i n  previous publ icat ions ' 
Soluble fuel degradation products o f  t h i s  type almost ce r ta in l y  contr ibute t o  ' f u e l  
soluble gum' which may lead t o  deposits m hot engine and fuel  system components. 

Sumnary and Conclusions 

The t h i n  leyer chromatographic character is t ics  of inso lub les formed during storage of 
unstable middle d i s t i l l a t e  fuels from Austra l ian re f i ne r ies  were found to  be very s im i la r  
t o  those of inso lub les produced by the degradation of unstsble fuel  from UK sources, 
i nd i ca t i ng  that they may have been formed by s imi lar  chemical processes. A l l  fuels which 
subsequently proved t o  be unstable during storage i n i t i a l l y  contained both a l ky l i ndo le  and 
phenalene species. Stable fuels were characterised by the absence of one or both o f  these 

lhe smount of  phenalenone present e t  the end of the 13 week 

For example sample 15 produced sproximstely 56mg/1 of sediment but a t  

This 

Chemical analysis of these samples ind icated the presence 

The l a rges t  

Detailed examination of 

Very s im i la r  p r o f i l e s  were obtained for samples 5, 6, 7 and 9. 

The amount of  a lky l indoles unaccounted for ranged from 3 t o  10 times the 
The s h o r t f a l l  was probably associated 
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cmpound types. 
s i g n i f i c a n t l y  reduced hy hydrotreatment, which had tb expected e f f e c t  of improving fuel  
s t a b i l i t y .  
reduced by hydrotreatment, bu t  i n  a l l  otrler cases M) Concentration cnange nas noted. 
r e a c t i v i t y  of  a lky l indo les  in  unstable tuels m s  demonstrated by reductions i n  t h e i r  
overa l l  concentrat ion dur ing fue l  storage. 
a i s t r i b u t i m  of a lky i inoo le  isomers and humiogues nas ubserved t u  change dur ing fuel  
storage, i n d i c a t i n g  d i f fe rences  i n  r e a c t i v i t y  mongst the species. 
t h i s  study show tha t  the absolute amount of insolubles formed dur ing s storage per iod 
camot be correlated d i r e c t l y  w i t h  the concentration o f  a lky l indo le  and phenalene species, 
i t  i s  c lear tha t  the s tab le  fuels Were charscterised by the sbsence of one or b o b  of 
these species ana tha t  both species w r e  present i n  a l l  the unstable fuels. These resu l ts  
theretore i l l u s t r a t e  tne p o t e n t i e l  fo r  app l i ca t ion  of chemical methods to  d i f fe ren t ia te  
between s tab le  ana unstable fuels. However other tactors c l e a r l y  need to  be consiaered 
what assessing the degres o f  i u e i  i n s t a b i l i t y .  From a chemical viewpoint, rue1 a c i d i t y  
an0 fuel a c i d i t y  p o t e n t i a l  are know t o  be important. Further mark i s  requirea to  
i d e n t i f y  the nature o f  a c i a  i n  middle d i s t i l l a r e  fuels ana t o  c l a r i f y  t h e i r  r o l e  i n  rue1 
degradation. I n  addi t ion,  physical  parameters such as the s o l u b i l i t y  of fuel  degradation 
products also need r o  be consioered. p a r t i c u l a r l y  h e n  fuel  s t s b i l i t y  i s  assessed simply 
i n  terms of tne neignt or insolubles formed during fuel  storage. 
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Table 1. Results of fue l  atorage a t  43 C for 13 weeks 

jample Sample I n i t i a l  Final F i l t e r e d  Adherent Total  
rumber type colour colour inso lubles  inso lublea  insoluble:  

4 1  d l  Wl 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

A ( i )  0.5 
0.5 

B( i )  1.0 
1.0 

N i i i )  1.0 
1.0 

8 ( i v )  0.5 
0.5 

C ( i ) a  (1.0 
(1.0 

C ( i i ) a  0.0 
0.0 

C ( i ) b  (1.0 
(1.0 

C ( i i ) b  0.0 
0.0 

O( i )  (1.0 
(1.0 

O ( i i )  1.0 
1.0 

E ( i )  1.5 
1.5 

E ( i i )  2.5 
2.5 

4.0 
4.0 

4.5 
4.5 

3.0 
3.0 

(1.5 
(1.5 

4.5 
4.5 

0.5 
0.5 

(4.0 
(4.0 

(0.5 
(0.5 

(3.0 
(3.0 

(1.5 
(1.5 

(7.5 
(7.5 

(4.5 
(4.5 

9.9 
10.7 

4.7 
4.6 

3.9 
3.0 

(0.1 
0.3 

9.8 
9:7 

0.2 
0.3 

3.8 
2.5 

0.8 
0.2 

2.0 
0.8 

1.0 
0.6 

23.4 
23.4 

2.5 
3.3 

8.0 
7.1 

7.0 
7.2 

1.8 
1.9 

0.1 
0.4 

8.6 
9.9 

0.2 
0.5 

14.8 
15.0 

(0.1 
0.6 

7.4 
7.8 

(0.1 
(0.1 

33.2 
32.0 

4.9 
5.0 

17.9 
17.8 

11.7 
11.8 

5.7 
4.9 

0.1 
0.7 

18.4 
19.6 

0.4 
0.8 

18.6 
17.5 

0.8 
0.8 

9.4 
8.6 

1.0 
0.6 

56.6 
55.8 

7.4 
8.3 

X Refinery Code 
( i )  30% LCO i n  SRO 
(ii) 30% HT-LCO i n  SRD 
( i i i )  30% LCO/SRD i n  SRD 
( i v )  3ovI HT-LCO/SRD in SRO 
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Table 2. Results o f  phenalenone measurements 

Phenelenom content pmol/ l  

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

4.4 
12.7 

6.1 
M) 

8.9 
No 

9.4 
NO 
NO 
ND 

15.6 
NO 

42.0 
87.8 
30.7 
3.2 

44.2 
2.0 

37.9 
NO 

6.6 
ND 

107.2 
8.1 

150.1 
230.8 

52.6 
2.2 

175.2 
ND 

162.3 
M) 

ND 
193.8 

10.7 

48.0 

NJ = no t  detected 

Tab18 3. Results of indoles measurements 

I ITo te l  indole content (mnol/l equivalent o f  1-methylindole) I 
( s a v l e  I 

( A  - - i) nunher (A) I n i t i a l  (8) After 13wks 

I I  0 43 c 

5 0.32 
6 0.70 +/-0.05 
7 0.23 +/-0.01 
8 0.19 +/-0.05 
9 0.50 +/-0.02 

10 0.02 +/-0.01 
13 It 

15 1.25 +/- 0.02 

0.18 +/-0.02 0.14 +/-0.02 
0.39 +/-0.01 0.31 +/-0.06 
0.18 +/-0.00 0.05 +/-0.01 
0.17 i ns ign i f i can t  
0.25 +/-0.01 0.25 +/-0.03 
0.01 +/-0.00 ins ign i f i can t  
0.06 +/-0.00 
0.52 +/-0.03 0.73 +/-0.05 

I I 

+ Average of dupl icate resu l t s  
** I n i t i a l  a lky l indole concentrat ion could not be determined because 

of interference from 'un iden t i f i ed '  n i t rogen compounds 
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Figure 1. SEQUENCE OF REACTIONS LEADING TO DIESEL FUEL DEGRADATION 

R = CH3 , C2 H5 ....... "H 

R ' = @ ~  "H 
R A  

Oxidation Acid 

Figure 2 .  Chromatographlo d i s t r l b u t l o n  of l n d o l o s  I n  
rue1 aanp1o 15. 
GC c o n d l t l a n s :  30°C t o  280°C a t  4OC per minute 

Before ntor.ga 
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I 
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